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SUPPLY LINE STRUCTURE 



Background Infonnation 

The present invention relates to a supply line structure for supplying energy to the electrical 
components of an automotive vehicle and for transmitting information between at least some 
of the electrical components, the supply lines preferably being arranged in a star structure 
5 having at least one star point. 

Such a supply line structure is described in none-prepublished German patent application 101 
42 410.8 filed by the applicant. 

10 A supply line structure of this type is intended to support communication between various 
electrical components, for example between a door control unit and a seat control unit, and 
also to supply energy to these components. This approach is referred to as power line 
communications. Here it has been found to be useful to restructure the wiring hamess that is 
already present in the existing technology in such a way that the supply lines are arranged in 

15 a star structure having at least one star point. In the known supply Hne stmcture, the use of 
so-called twisted pair cables to supply power to the components has proven to be 
advantageous. These cables are understood to mean double cores or conductor litz wires that 
are twisted together and that result in an improvement in interference immunity and that have 
various characteristic impedances that are a function of the degree of twisting that is carried 

20 out. Since a star point within a conductor system may always be regarded as a parallel 
coimection of resistors, a very low impedance results for the star point, which, at the star 
point, leads to undesirable reflections of the wave propagating in a supply line branch in the 
direction of the star point. However, this effect may be suppressed by wiring of the line 
branch in the area of the star point, as proposed in the aforesaid German patent application 

25 101 42 410.8. 

Objective and Achievement of the Invention 

A further problem with the supply line structure described above is, however, the 
transmission of high electrical currents. If the aforesaid twisted pair cables are used, their 
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limited cross-sectional area, which makes them more practical to twist, imposes limits as to 
the current that may be carried. Moreover, it is expensive to manufacture twisted pair cables 
that have a large cross-sectional area. 

5 Therefore, an object of the present invention is to also be able to transmit high supply 
currents with the supply line structures of the species. 

Starting from the aforesaid supply line structure, this object is accomplished by the invention 
in that at least a portion of the supply lines includes a coaxial arrangement of a plurality of 
10 outer litz wires of the line disposed around a central litz wire of the line. 

Summary of the Invention 

The present invention therefore proposes, in order to supply power to individual high-current 
consimiers or to supply power to central distribution nodes - in other words star points within 

15 the supply line structure - that a coaxial arrangement of line litz wires be used to form the 
given section of the supply line. This results in a very large line cross-sectional area, which 
permits the transmission of high currents, even those well in excess of 10 A, to supply 
energy, something that would not be possible with individual twisted pair cables since the 
line cross-sectional areas required for this would no longer economically permit the line litz 

20 wires to be twisted together. 

Selectivity, as well, may be accomplished, for example with the aid of a central fuse box, by 
using a coaxial arrangement of a plurality of outer litz wires about a central litz wire. This 
would require a plurality of twisted pair cables, which would then have, however, have to be 
25 installed in bundled form, which must be viewed as costly. 

The arrangement proposed according to the present invention includes a plurality of outer litz 
wires, especially having the same cross-sectional area, and one central litz wire, referred to as 
the guide litz wire, aroimd which the outer litz wires are disposed or wound. However it is 
30 also conceivable to use a litz wire having a larger cross-sectional area for the guide litz wire 
than in the case of the outer litz wires. Likewise, it is possible, in order to configure the guide 
litz wire, to use a plurality of litz wires, similar to a braided wire cable. It has been found to 
be advantageous when 5-10, more preferably 5-8, outer litz wires are provided around the 
central guide litz wire. In this regard, 6 outer litz wires have been found to be especially 
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advantageous. Good empirical results were obtained with line litz wires having a cross- 
sectional area of 2-3 mm^, in particular of approximately 2.5 mm^. 

In a further embodiment of the invention, it proves to be particularly important when the 
5 outer litz wires of the line are short-circuited relative to each other, preferably at both of their 
ends, via capacitors utilizing high-frequency technology. In this way, the resulting supply line 
section performs in the same way as a coaxial cable for HF data signals. 

Since the central litz wire or the guide Htz wire in the interior of the coaxial layout generally 
10 has a smaller cross-sectional area than the total of the cross-sectional areas of the outer litz 
wire, it has been found to be advantageous to be able to return direct-current components via 
the vehicle body when high current loads are being transmitted. For this purpose, it has been 
found to be advantageous to coimect the central litz wire, preferably at both of its ends, to the 
vehicle body. 

15 

In this case, however, in-phase currents may be formed across the body in a disadvantageous 
maimer. However, this may be advantageously counteracted by using an inductive coupHng 
between the outer litz wires and the central litz wire. For this purpose, a ring-shaped core 
containing or made of ferritic material may be used and may simply be slid over the 
20 respective section of the supply line, so that the supply line passes through this aimular core. 
In this way, a common mode coil is formed. In order to further increase the impedance for in- 
phase currents, it is possible to route the coaxial arrangement of line litz wires at least one 
time or more than one time about the annular core, so that the supply line forms one or more 
loops through and around the aimular core. 

25 

It has been fovmd that a characteristic impedance of the coaxial arrangement of line litz wires 
may reach 35-50 ohms, in particular around 40 ohms. 

Using the supply line structvire of the present invention, and with a line length of 5 m in the 
30 frequency range between 100 and 250 MHz, a transmission characteristic of -1.4 dB to - 

4.4 dB, advantageously from -1.9 dB to -3.7 dB, may be reached, which is to be considered 
especially suitable. Large currents are able to be transmitted. 

In order to suppress the in-phase currents at transitions between the central litz wire and the 
vehicle body, or between the outer htz wires and further branches that in particular have 
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twisted pair cables, the use of annular cores with ferritic material as common mode coils has 
proven to be effective. 



5 Additional characteristics, possible appUcations, and advantages of the present invention may 
be derived from the following description of exemplary embodiments of the invention that 
are depicted in the drawing. All of the described or illustrated features per se or in any given 
combination constitute the subject matter of the invention, regardless of how they are 
summarized in the patent claims or their antecedents, as well as independently of how they 

10 are worded or presented in the description or in the drawing. 

The drawings show: 

Figure 1 : a schematic representation of a coaxial arrangement of litz wires in 



Drawing 



a supply line; 



Figure 2: 



a schematic representation of outer litz wires short-circuited using 
HF technology; 



Figure 3: 



a schematic representation of the use of an annular ferrite core as a 
common mode coil; 



Figure 4: 



a schematic representation of the connection of a section in 
accordance with the invention to a metal plate (vehicle body); 



Figure 5: 



an equivalent circuit diagram of the arrangement shown in Figure 4 
with a common mode coil; 



Figure 6: 



the transmission characteristic of a supply line according to the 
invention with and without a common mode coil; 



Figure 7: 



the transmission characteristic of a 5-m-long supply line according 
to the invention (determined via measurement technology and 
modeled). 
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Description of the Exemplary Embodiments 

Figure 1 shows a cross-sectional view through the coaxial arrangement according to the 
present invention of seven litz wires having the same cross-sectional area of 2.5 mm^ each, 
six outer litz wires 4 being arranged around one central or guide litz wire 2. Dimension d is 
5 1.78 mm, and dimension D is 6.8 mm. When this arrangement is used in a supply line 
structure to supply energy to the electrical components of an automotive vehicle and to 
transmit information between at least some of these electrical components, outer litz wires 4 
are connected to a positive potential, and central litz wire 2 is coimected to a negative 
potential. The six outer litz wires 4 are able to be individually protected at a central fuse box - 
10 for example in the engine compartment. The other end of this supply line according to the 
invention may be connected to a distributor box at a different central point in the automotive 
vehicle, for example beneath the rear seat. This central point then forms a star point in the 
supply line structure. 

15 As shown in Figure 2 and as is represented there schematically, outer litz wires 4 are short- 
circuited using HF technology with the aid of capacitors 6, preferably at both ends of the 
coaxial cable arrangement, so that the arrangement of the invention for forming a supply line 
for HF data signals behaves in a manner similar to that of a coaxial cable. 

20 In particular when high currents are being conducted, the problem of the feedback of the 
direct-current components arises. As indicated initially, it proves to be advantageous, 
particularly for high currents, to feed back the direct-current components through the vehicle 
body. For this purpose, both ends of central or guide litz wire 2 of the arrangement according 
to the invention are also connected to the vehicle body, which is not shown. However, this 

25 causes in-phase currents to be present across the vehicle body. This effect is counteracted - as 
also described initially - by using an annular core containing or made of ferritic material. 
Such an annular core 8 is shown in Figure 3a, one outer litz wire 4 that conducts a current Ii, 
as well as central litz wire 2 that conducts a current h being represented schematically at the 
same time. Annular core 8 is simply slid over the coaxial arrangement of litz wires 2, 4, so 

30 that this coaxial arrangement, or the section of the given supply line that is configured in 
accordance with the invention, extends through annular core 8. 

In order to increase the impedance for the in-phase current component, it would also be 
conceivable and advantageous if the supply line section that is being considered were to be 
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looped one time or more than one time around the cross section of aimular core 8, as is 
indicated schematically in Figure 3b. 

To get a better idea of the effect of annular core 8, in other words the common-mode-coil 
coupling, refer to Figure 4, which provides a schematic representation of the connection of a 
section of a supply line 10 in accordance with the invention to a generator Uq and a metal 
plate 12 representing the vehicle body. An equivalent circuit diagram is shown in Figure 5. 

Generator Uq is connected on the one side of supply line 10. On the other side of supply line 
10, a load resistor ZLoad is provided between outer litz wires 4 and central litz wire 2. If, in an 
unfavorable case, the potential at the inner conductor, i.e. central litz wire 2, is also connected 
to metal plate 12, the shielding of the coaxial cable formed in this manner - in other words 
outer litz wires 4 - and metal plate 12 are therefore at different potentials. As a result of 
parasitic capacitances, which are represented in the equivalent circuit diagram in Figure 5 as 
Cp, between the shielding and metal plate 12, a circuit is closed and an in-phase current 
flows. If on the generator side of supply line 10 an annular core 8 made of ferritic material is 
added, as described above, this in-phase current is able to be largely prevented, since the 
impedance Zcm of the common mode coil formed by annular core 8 significantly increases 
the original impedance of the circuit. In order to provide a better understanding of the 
conditions that are present, an HF approach is not used. Thus, for the equivalent circuit 
diagram shown in Figure 5, it was assumed that the line length is "short" relative to the 
wavelength. Therefore, the equivalent circuit diagram may be prepared using discrete 
components. 

Figures 6a and 6b show the measurement results for the scenario under consideration when a 
3-m-long supply line 10 is used. The measurement was performed in Figure 6a for the case 
with inductive coupling and for the case without inductive coupling via an annular ferritic 
core. 

Clear advantages are able to be seen when an aimular core is used. 

The chart shown in Figure 6b shows measurements with various connections to metal plate 
12. First, supply line 10 itself was measured by separating the connection to metal plate 12. 
Moreover, the condition of the connection of central litz wire 2 of supply line 10 both on the 
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generator side as well as on the load side to metal plate 12 is shown. This actually represents 
the special case for Cp or a bridging of capacitor Cp. Here one use would be the additional 
direct-current path via the vehicle body, as already mentioned. Finally, for a direct 
comparison, one connection to metal plate 12 only on the generator side is represented. In 
5 this context, for all measurements, an annular core (common mode coil) was used on the 
generator side of supply line 10. The measurement results show that the curves differ from 
each other only by approximately 2 dB. Thus, an additional direct-current path via the vehicle 
body is definitely able to be implemented without producing any negative effects on the 
transmission characteristic of supply line section 1 0 within the supply line stmcture. 
10 With regard to the characteristic impedance 

In order to calculate the characteristic impedance of a coaxial line arrangement, the following 
equation is used: 

60Q 



€ 



^r. Insulation 



r. Insulation |g dielectric constaut of the insulation material being used. D and d may be 
1 5 seen in Figure 1 . 

Since the cover or shielding of the coaxial line arrangement does not have a constant distance 
to the guide litz wire along its entire periphery, a mean diameter is used for D in Equation 1 . 
When a PVC-insulated copper line having a cross-sectional area of 2.5 mm^ according to the 
20 example depicted in Figure 1 is used, having one guide litz wire and six peripheral litz wires, 
the impedance calculated according to Equation 1 is: 

ZL,calculated= 42.99 

where d = 1 .78 mm and D = 6.8 mm. 
25 Using measurement technology, a characteristic impedance of 

ZL,measured ~ 40 ^ 

was obtained, thus confirming the equation stated above. 



With regard to the damping factor 



30 
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Corresponding to the relationships for a coaxial line arrangement, the damping factor 
resulting from the conductor losses at of a coaxial line arrangement may be approximated 
using the following equation: 



J /^Q ' /^r, conductor' P d ^Jy^ 



The damping factor of the dielectric losses ao may be approximated in a manner analogous to 
the above procedure using the equation 

_ i tan^ ^ 

~^\^r, insulation / 

With regard to the capacitance per unit length 



^0 



10 The capacitance per unit length C of a coaxial line arrangement may be approximated using 
the following equation: 

2' TT' Sq ' insulation 



C = 



yd) 

In order to verify the above statements, the transmission characteristic of a 5-m-long coaxial 
line arrangement having seven litz wires, each with the same cross-sectional area of 2.5 mm , 

G 

15 were tested and modeled using the approximation equations given above. In so doing, '* = 

3.5 was used for dielectric constant , and tan 5 = 15 • 10"^ was used for the loss factor tan 
5 for copper. Characteristic impedance Zl was approximated according to Equation 1 as Zl = 
40 Q. The measurement itself was approximated at the reference impedance Zo = 40 Q. 
However, the measurement itself was performed at the reference impedance Zo = 39 Q. 
20 Finally, Figure 7 shows the transmission function determined using measurement technology, 
as well as the modeled transmission function. The modeled transmission function was 
calculated based on the above relationships using a least-squares estimator. The excellent 
agreement of the measurement and the simulation is apparent. 
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